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Pumping And Metering Device 



The present invention relates to a pumping device for 
delivering, balancing and metering fluids, in particular 
medical fluids such as blood or dialysis fluids, with a 
driving device and a piston unit including a piston and a 
membrane unit having a membrane and a first chamber bordered 
by the membrane. The pumping device also includes a hydraulic 
unit having a space to accommodate a hydraulic fluid which is 
connected to the piston of the piston unit and to the first 
chamber of the membrane unit . 

An important advantage of such a pump system is that the 
advantages of piston machines can be combined with those of 
membrane units. The piston unit, which operates as a piston 
pump, serves as an internal displacement pump which is 
connected to the membrane of the membrane unit by a hydraulic 
fluid. The hydraulic fluid is in a closed system and transmits 
the axial movement of the piston to the membrane, which is 
moved accordingly in the membrane unit . 

Precise -^metering of fluids is important, for example, in 
the area of dialysis, where fluids with a known composition 
must be conveyed at precisely definable r,ates. The dialysis 
fluids used here are composed of numerous substances, the type 
and quantity of which must be based on the needs of an 
adequate and individualized patient treatment. The essential 
functions of a dialysis machine include pumping the fluid at 
precisely predetermined metering rates and quantitative 
determination of the quantities pumped for the purposes of 
balancing. One disadvantage of the known dialysis systems is 
that these functions must be executed by different units, 
which results in heavy and complex machines that are difficult 
to handle . 

A compact metering system is known, for example, from 
European Patent No. 376,497 from the field of coating 
semiconductor components, where precise delivery and metering 
of liquid media is also necessary. A generic pumping device is 
described here, where a membrane is in contact on one side 
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with a hydraulic fluid in a suitable space. The desired 
movement of the membrane is accomplished with a piston 
movement, with the movement of a piston of the piston unit 
being transmitted to the membrane by the hydraulic fluid. This 
5 metering unit is controlled on the basis of the number of 

pulses per unit of time which are applied to the motor driving 
the piston. The relationship between the number of pulses per 
unit of time and the desired delivery head of the pumping 
device is determined by calibration before use and is used to 
10 control the pumping device in operation. One disadvantage of 
such a procedure is that, for example, due to faulty 
determination of the required number of pulses, due to 
variable loads or due to inadequate calibration, there may be 
a faulty relationship between the number of pulses per unit of 
Ol5 time and the delivery head, which makes accurate metering 

f;| y^rae. object of the present invention is to improve upon a 

pumping device in such a way as to increase the reliability of 
metering and balancing. 
20 This object is achieved on the basis of a generic pumping 

device by providing a control unit for controlling a 
predefinable metering rate and/or quantity as well as a 
measuring device by means of which the axial position of the 
piston of the piston unit can be determined directly and which 
25 can be connected to the control unit. In this way, it is 
possible to determine the piston position directly and 
reliably and, after taking the time into account, the change 
over time can be determined, with v the determination being 
independent of the functioning and reliability of the drive 
30 unit. In addition to these functions of metering and delivery, 
the device according to the present invention also fulfills 
the function that the quantity of fluids delivered can be 
quantified, thus permitting balancing, e.g., during a dialysis 
treatment. This creates a compact and reliable delivery, 
35 metering and balancing system that permits favorable 

manufacturing and maintenance in addition to offering space 
and weight advantages. In particular, the system according to 
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the present invention is suitable for hemodialysis, because a 
performance spectrum with small dimensions is created that 
makes superfluous the use of additional control and monitoring 
equipment which would necessitate the patient's stay in a 
5 clinic or hospital. Additional fields of application of the 
pumping device according to the present invention include 
peritoneal dialysis, hemof iltrat ion and related methods. Owing 
to the directly determinable position of the piston and the 
piston speed which can be determined from that, the pumping 
10 device according to the present invention permits calculation 
of all necessary system data, such as the volume delivered or 
the delivery rate by taking into account the average area of 
the piston. In addition to the above-mentioned kinematic 
parameters, the pressure conditions can also be monitored and 
15 regulated due to the use of a hydraulic sensor. Moreover, 
partial volumes can also be detected and adjusted. 
□ It is especially advantageous if the piston has a piston 

W head for delivering the hydraulic fluid as well as a piston 

shaft and if the measuring device is arranged in such a way 
=20 that the axial position of the piston shaft can be determined. 

The measuring device according to the present . invention 
k with which the axial position of the piston and the piston 

shaft can be determined directly may have optical, 
fj-i electromechanical, and/or electric sensors. 

*!3 25 According to a preferred embodiment, a second chamber can 

be formed by a membrane pump head detachably mounted on the 
membrane unit, with the second chamber being arranged on the 
membrane side opposite the first chamber and with the membrane 
pump head having at least one inlet and at least one outlet. 
30 The second chamber serves as a delivery chamber holding the 

medium to be delivered, while the first chamber is acted upon 
by hydraulic fluid to induce a corresponding movement of the 
membrane . 

In the mounted state of the membrane pump head, the 
35 second chamber can be directly adjadent to the membrane of the 
membrane unit. In this case, the membrane is acted upon by 
fluid from both sides, with the hydraulic fluid being on one 
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side of the membrane and the fluid to be delivered being on 
the other side of the membrane. 

It is especially advantageous if the second chamber is 
bordered by a membrane which is adjacent to the membrane of 
5 the membrane unit when the membrane pump head is in the 

mounted state. In this case, the two membranes are adjacent to 
one another, with the movement of the hydraulic fluid first 
inducing movement in the membrane of the membrane unit, and 
due to the contact of this membrane with the membrane of the 
10 head piece, the fluid to be delivered is introduced into the 
second chamber or removed from it accordingly. Such a design 
of the pumping device according to the present invention is 
advantageous in particular because in this case there are two 
completely separate systems. Although the pumping device 
□15 according to the present invention is the delivery unit 

according to Claim 1, for example, the membrane pump head with 
Q the membrane serves to seal the medium to be pumped and to 

*j;f separate substances with the device according to the present 

V'- 

invention. As a result of this separation of substances, 

it* " ' 

4*20 neither the hydraulic fluid nor the medium to be pumped 
J\ becomes contaminated, but also the parts of the pumping device 

L.* according to the present invention are neither attacked nor 

^ contaminated by the medium to be pumped. In this case, the 

~n choice of membrane material of the membrane unit will not 

u;!25 depend primarily on the corrosion properties but instead will 

depend primarily on the criterion of long-term stability. 

In another embodiment of the present invention, the inlet 
and/or outlet of the head piece can be closed off. To that 
effect, valves or clamps in particular are provided. These 
30 have the function of causing the outlet of the head piece to 
be blocked when the medium to be pumped is being drawn into 
the second chamber, while the inlet valve is closed and the 
outlet valve is opened accordingly when the intake medium is 
being ejected. It is not necessary here for all the fluid in 
35 the second chamber to be delivered in the ejection operation. 
Instead, it is possible for only a quantity of intake fluid 
corresponding to the maximum possible piston position to be 
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It is especially advantageous if the head piece is 
designed in such a way that it can be used for a single use. 
While the pumping device according to the present invention 
serves the function of accurately moving the membrane and thus 
metering, the head piece has the function of executing the 
actual delivery of fluid. The exchangeable head piece, which 
is designed as a disposable article according to the present 
embodiment and can be mounted on the pumping device, has the 
advantage that it is not necessary to clean difficultly 
accessible components such as valves, because the head piece 
is not reused after a single use. Thus, the membrane of the 
membrane unit forms the interface of the pumping device with 
the head piece designed as a disposable article in which the 
substance transport and delivery of media to and from the 
patient are to take place. The definite media separation, 
which prevents direct contact between the media to be pumped 
and machine system parts in the pumping device according to 
the present invention, has the effect that impurities cannot 
enter the dialysis fluid and no dialysis fluid can enter the 
pumping device due to leakage, for example. Another advantage 
is that the metering and balancing accuracy of the pumping 
device is independent of the dimensional accuracy of the head 
piece, which is designed a^ a disposable article, because all 
the components necessary for balancing and metering are 
provided in the piston pumping device and not in the mountable 
membrane pump head . 

In another embodiment of the present invention, a 
pressure sensor is provided that is connected to the space of 
the hydraulic unit. By using such a "pressure sensor in the 
hydraulic unit, an individually adjustable delivery pressure 
limit and display can be achieved for the system. This is 
important in particular when the outlet valve of the head 
piece inadvertently fails to open, for example.. 

It is especially advantageous if the pressure sensor can 
be connected to the drive of the piston unit. This makes it 
possible for the pressure sensor to interrupt pump operation 
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on reaching a limit value to limit the forces introduced into 
the system. 

In another embodiment of the present invention, the 
driving device of the piston unit includes a linear drive. 
Examples of suitable linear drives include, for example, 
eccentric drives, spindle drives and rack and pinion drives as 
well as pneumatic pistons with compressor drives. 

The hydraulic system of the pumping device according to 
the present invention may have a vent valve, which guarantees 
that the hydraulic fluid is free of gases. This is especially 
important because the movements of the piston unit and the 
membrane can be coordinated accurately only when the 
transmission medium is incompressible, as is the case with 
gas -free fluids, for example. 

In another embodiment of the present invention, a 
computer unit is provided and is connected to the measuring 
device and/or the control unit and it can perform the 
balancing of the media pumped. Because of the direct 
determination of the piston position and the determination of 
the change over time, it is possible to determine the media 
pumped up to that point, which is necessary for accurate 
monitoring of the process. 

The computer unit can be integrated into the control 

unit . 

To improve handling of the pumping device according to 
the present invention, the piston unit may be arranged on a 
chassis . 

It is especially advantageous if the membrane of the 
membrane unit has two membrane layers made of a non- stretching 
material and an interspace filled with an incompressible 
medium extending between the two membrane layers, so that the 
membrane layers have an outward bulge with respect to the 
interspace. Such a design prevents the disadvantage associated 
with the elastic membranes known in the past, when there is an 
unwanted deformation or deflection of the membrane due to the 
pressure difference between the two sides of the membrane. As 
a result of this deflection, an exact correlation between the 



position of the piston of the piston unit and the membrane 
deflection and thus accurate metering are impossible unless 
the pressure conditions are always constant. On the other 
hand, the membrane according to the present invention is 
5 always kept in a definite position regardless of the pressure 
conditions, so that a reproducible correlation between piston 
movement and quantity delivered is guaranteed. 

In another embodiment of the present invention, the 
membrane layers are arranged with a separation between them by 
10 a spacer. With a suitable design of the spacer, this 

facilitates filling of the interspace between the membrane 
layers in particular. V 

Additional details and advantages of the pumping device 
according to the present invention are apparent from the 
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Figure 1: a schematic diagram of the pumping device 

according to the present invention; 

Figure 2 : a perspective view of the pumping device 

according to the present invention with the piston unit and 
\l 20 the membrane unit; and 

Figure 3 : a sectional diagram through a pumping device 

according to the present invention with a membrane unit having 



a two- layer membrane, i- p tJ n * r t \ ^ P 



As ^rgur^ ishowfe, aTpump drive which includes a linear 
25 'drive, for example, drives the piston of a unit which is 

shown here as a piston pump. The measurement device according 
to the present invention, which is shown as a path sensor in 
the embodiment according to Figure 1, determines the exact 
position of the piston. 
30 Use of a piston pump -as the metering unit is based on the 

fact that piston pumps are preferred for use as metering pumps 
because not only is accurate metering possible, but also a 
simple and flexible adjustment at a new setpoint is also 
possible . 

35 The hydraulic unit transmits the movement of the piston 

pump to the membrane unit. The hydraulic unit has a pressure 
sensor which delivers an alarm signal, for example, or 
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interrupts the piston unit drive directly on reaching a 
predefinable pressure limit. 

According to the present embodiment, a head piece which 
is characterized as "disposable" can be secured on the 
5 membrane unit and is connected to the fluid to be pumped. 

Thus, direct contact between this fluid and the parts of the 
pumping device according to the present invention is 
effectively prevented. 

* Figure 2 shows a perspective view of the pumping device 
10 according to the present invention with driving device 1 which 
is designed as an electric gear motor. Control lever 2 
transmits the rotation of the gear motor to piston 7 by means 
of the self-contained cardan joint 3. 

The piston rod of piston 7 has a locking element 5 
D15 mounted on a flange 4. In addition, measuring device 8, 

designed as a path sensor, is also mounted on flange 4. 

Piston 7, designed as a precision piston, with the piston 
rod runs in a precision cylinder 6 with a pump cover and a 
tension rod. 

f20 The movements of piston 7 are transmitted to membrane 

x unit 14 by hydraulic unit 9, which is designed as a line in 

>.i the present embodiment .. This membrane unit has membrane 11 

^ bordering the first chamber 13 . First chamber 13 contains vent 

valve 12 according to the present embodiment. If gases collect 
UI25 in hydraulic unit 9, they are removed from the hydraulic unit 

by vent valve 12, so that an incompressible transmission 
1 medium is always available between the piston unit ,and the 
membrane unit . * 

Pressure sensor /10, which is located in hydraulic unit 9, 
30 which is filled withf hydraulic fluid, is connected to a 

display and/or driving device 1 by a computer, turning the 
device off on reaching or exceeding a definable limit value. 
This reliably limj/ts the maximum pressure head in the entire 
system in the event of a blockade of hydraulic unit 9 or a 
35 defect in the va]^es or clamps of the head piece, for example. 

To improve the handling of the pumping device according 
t to the present invention, the piston unit with driving device 
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1 is mounted on a chassis 15. 

A membrane pump head, designed as a disposable article is 
placed on membrane unit 14 in a manner not shown here and thus 
forms the second chamber, which is bordered by membrane 11 of 
membrane unit 14 , for example . 

Figure 3 shows a sectional diagram through a pumping 
device according to the present invention with a membrane unit 
14 having a two-layer membrane 11. Membrane 11 consists of 
membrane layers 11' and 11'' bordering interspace 20. Both 
membrane layers 11', 11'.' are made of a non-stretching 
material, e.g., reinforced by a woven fabric. Interspace 20 is 
filled with an incompressible medium such as oil. 

The volumes of the first chamber 3 0 and chamber 4 0 
arranged on the opposite side of membrane 11 remain constant 
regardles s~ of — t-he— pressure— gradient— pre vai 1 ing between the two 
chambers 30, 40. Consequently, this prevents the deflections 
that occur with known membranes due to a pressure difference 
across the membrane, which would thus lead to a mistaken 
relationship between piston position and membrane deflection. 

A movement of piston 7 of the piston unit leads to 
displacement of the interspace 20 according to the present 
invention without altering its volume. A change in volume in 
chamber 4 0 is produced exclusively by the movement of piston 7 
and the end piece 50 connected to it. Support 60 is provided 
on the side of membrane 11 facing chamber 40 to secure 
membrane layer 11' ' . 

Membrane layers 11', 11'' are arranged so that they are 
separated by spacer 70 . Spacer 70 has an orifice 72 which 
serves to fill interspace 20 with a suitable incompressible 
medium . 

The pumping device according to the present invention is 
a pumping, balancing and metering system for medical fluids 
such as blood and dialysis fluids which functions reliably and 
is easy to handle. It can be used to particular advantage in 
the field of peritoneal dialysis, hemodialysis, hemof iltration 
and related methods. Due to the combination and connection of 
a piston unit with a measuring device 1 and a membrane unit by 



means of a hydraulic unit, the good properties of piston 
systems, extending in particular to accurate metering, are 
guaranteed, with the advantages of a membrane unit that 
permits a reliable separation of working media and delivery 
media, as a result of which' the measuring device according to 
the present invention permits accurate metering and balancing. 
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